Abstract: We investigated a simple method using induced ovulation in immature rats to detect ovarian injury due to chemicals. We investigated the influence of di-(2-ethylhexyl) phthalate (DEHP) on ovulation induced by equine chorionic gonadotropin (eCG) in immature F344 rats. Single injections of 15 and 30 iu eCG induced ovulation in 4 of 6 rats and in all of 4 rats, respectively. The mean number of ovulated ova was 12.7 in the 15 iu eCG group and 8.0 in the 30 iu group. When rats received 4 daily doses of DEHP at 500 mg/kg, ovulation occurred in 4 of 6 rats in the 15 iu eCG group and in 1 of 3 rats in the 30 iu group. Mean numbers of ovulated ova were 2.50 and 0.33 ova in the 15 and 30 iu groups, respectively. Changes in ovarian and uterine weights were not found. Inhibition of ovulation by the injection of DEHP indicated the utility of induced ovulation in immature rats to detect reproductive toxicity in females.
are some recent reports which examined the influence of reproductive toxicants on the ovulation induced by exogenous gonadotropins (GTHs) [4] [5] [6] , on the in vitro steroidogenesis of ovarian cells obtained from immature rats treated with exogenous GTHs 7, 8) , and on the in vitro fertilization of ova in young rats treated with exogenous GTHs 9) . In the fields of developmental and reproductive toxicology which are closely concerned with endocrine disrupting chemicals, the development of a simple procedure to detect female reproductive toxicity would certainly simplify and reduce the time-consuming properties of routine experiments. In addition, such a simple procedure would be available to develop further toxicological procedures for elucidating the detailed mechanisms of toxicants which impair the female reproductive system. However, there have been few studies that utilize the effects of exogenous GTHs on immature F344 rats. Particularly, the number of studies utilizing induced ovulation as an index of reproductive toxicity is small. Thus, the purpose of the present study was to examine the potential of a simple method for detecting female reproductive toxicity Among procedures for reproductive toxicity studies in murine females, the vaginal smear test is generally used to check the daily estrous stage. As a monitoring method, the smear test is useful for detecting abnormal conditions in reproductive physiology at an early stage, however, the daily vaginal smear check is laborious as routine work. In addition, a rather long observation period is required to detect disorder of the estrous cycle in individual females even if the disorder is obvious. We showed that the number of spontaneously ovulated ova decreases in accordance with disorder of the estrous cycle as detected by observation of vaginal smears in female F344 rats injected with 2-bromopropane 1) or exposed to 1,2-dichloropropane for almost 3 weeks 2) . Also, we reported that 2-bromopropane caused the decrease of the number of ovulated ova in superovulation induced in mice by treatment with pregnant mare's serum gonadotropin (PMSG) and human chorionic gonadotropin (hCG) 3) . There using ovulation in immature F344 rats induced by exogenous GTHs.
Twenty-five immature female rats of F344/DuCrj strain (F344), purchased at 21 days of age from Charles River Japan, Inc., were caged under conditions of 12 h light (08:00 to 20:00)/12 h darkness, with room temperature maintained at 23 ± 1°C and 55 ± 5% humidity. Water and pellet food, CE-2 purchased from Clea Japan, Inc. were available freely. Fifteen iu or 30 iu of equine chorionic gonadotropin (eCG; Teikoku Hormone MSG. Co., Ltd., Japan) were dissolved in 0.15 ml saline and were injected intramuscularly to 12 and 7 rats, respectively, at 25 days of age. In 6 rats with no eCG injection, 0.15 ml saline was injected by the same procedure and schedule as the eCG-injected rats. A daily dosage of di-(2-ethylhexyl) phthalate (DEHP, Wako Pure Chemical Industries, Ltd., Japan) was set at 500 mg/kg B.W. DEHP was dissolved in olive oil (Wako Pure Chemical Industries, Ltd., Japan) and the final volume of olive oil containing 500 mg DEHP was adjusted to 3 ml. DEHP solution (500 mg/3 ml olive oil solution/kg B.W.) was injected subcutaneously at intervals of 24 h from 24 to 27 days of age and a single injection of eCG or saline to 9 rats treated with DEHP was performed as described above. Ten rats were treated similarly with 3 ml olive oil/kg B.W./day as control. To collect ova shed into oviducts, all rats were sacrificed at 72 h (28 days of age) after the eCG or saline injection as described in previous reports 4-6, 7, 9) , and their ovaries and uteri were removed and weighed. The collection and counting of ova shed into oviducts were performed according to the methods described in our previous reports [1] [2] [3] . Briefly, ovulated ova were flushed by physiological saline from a 2.5 ml syringe attached to a needle of gauge size 27G × 3/4. The collected ova were denuded with hyaluronidase (Sigma Chemical Co., USA) and were counted under a microscope. The maximum number of ova shed into oviducts was 11 among spontaneously ovulated F344 rats in our previous studies (data not shown) 1, 2) . Therefore, ovulation was considered as superovulation induced by eCG when the number of ovulated ova exceeded 11 in the present study. Table 1 shows the influence of DEHP on body and reproductive organ weights, and ovulation in immature F344 female rats. Body weights, the growth rate, reproductive organ weights and the ratio of uterus/ovary weight of rats treated with DEHP did not differ from control rats. No ovulation was observed in immature rats both in control and in DEHP-injected groups. Table 2 shows the effects of DEHP on ovulation induced by eCG injected at 2 dose levels and on the number of ovulated ova. Six rats each in both the control and DEHP groups were treated with 15 iu eCG, and ovulation was induced in 4 rats in each of these two groups. However, treatment with DEHP reduced the mean 2) 36.0 ± 12.7 -22 -1) Means ± SE of ovulated ova calculated from all rats of each group. 2) Means ± SE of ovulated ova calculated from all rats showing superovulation in each group.
EFFECTS OF DI-(2-ETHYLHEXYL) PHTHALATE TO OVULATION
number of ovulated ova to about 20% of that of the control group. This was because superovulation did not occur in the DEHP group. Between the two groups treated with 30 iu eCG, there were considerable differences in the number of rats which showed ovulation and in the mean number of ovulated ova. However, no statistically significant differences were found between these 2 groups, possibly because the number of rats was small in each group. Superovulation was not found in the DEHP group. Table 3 shows the effects of DEHP on body and reproductive organ weights of 8 rats (4 from each group) showing ovulation in the two groups treated with 15 iu eCG. Although there was a little difference in ovary weight, a significant difference was not found between the control and DEHP groups.
Researchers at the University of Kansas Medical Center have performed a series of experiments [4] [5] [6] using the ovulation model in immature Sprague-Dawley rats to examine reproductive toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin. In those experiments, the mean number of ovulated ova was about 10 4) in rats treated with 5 iu eCG at 27 days of age followed by 10 iu hCG at 29 days of age. The number was about 18 5) in rats treated with 20 iu eCG at 23 days of age. Ushinohama et al. 6) reported that treatment of 27 SpragueDawley rats with 5 iu eCG at 25 days of age resulted in ovulation in all rats and the mean number of ovulated ova was about 11. While Kajta 12) reported that 18 ovulated ova were observed in Wistar rats treated with 30 iu eCG and 20 iu hCG at 24 and 26 days of age, respectively. The procedures of exogenous GTHs injection are not always uniform when used as an ovulation model in immature rats. The results of the ovulation model attempted in the present study using immature F344 rats seemed to differ, with regard to the effectiveness of eCG, from previous results obtained using other rat strains. Particularly, the reported ratio of the number of ovulation-induced rats to eCG-treated rats in F344 rats has been slightly lower than the ratio in other strains. The mean number of ovulated ova has also been slightly lower as compared to other strains. For these reasons, a dose of eCG lower than 15 iu was not examined in the present study, and a single injection of 15 iu eCG was used as the procedure for the ovulation model in immature F344 rats. In both of the two groups injected with 15 iu eCG, ovulation occurred in 4 rats in each group. Superovulation occurred in 2 rats in the control group, however, it did not occur in any of 4 ovulating rats in the DEHP group. Although a statistically significant difference was not found, the mean number (2.50 ± 0.85) of ova in the DEHP group was remarkably smaller than that (12.7 ± 7.75) in the control group. Under the condition of 30 iu eCG, a decrease in the number of ovulated rats and of ovulated ova was observed in the DEHP group compared to the control, however statistically significant differences were not obtained between these two groups ( Table 2) . No differences were found in indices of body and reproductive organ weights between the 4 ovulating rats in each of the control and DEHP groups (Table 3) . eCG is known to induce follicular development that leads to estradiol (E 2 ) secretion in murines, and as a result, forced ovulation occurs in immature females. The present experimental model using eCG seems to be a simple method suitable for the study of antiestrogenic properties of chemicals in female reproductive physiology. Davis et al. 10) showed, in cycling Sprague-Dawley rats aged 60 to 70 days, that successive daily dosing of DEHP at 2000 mg/kg initially given at the metestrus stage suppressed or delayed ovulation in the next estrous cycle, and a significant decrease in serum concentration of E 2 was found in that estrous cycle. Moreover, they demonstrated in an in vitro study that mono-(2-ethylhexyl) phthalate, an active metabolite of DEHP, decreased the total amount of E 2 synthesized from testosterone (T) 11) and significantly lowered mRNA levels of aromatase activity which converts T to E 2 in granulosa cells 8) . Considering these findings, the suppressed ovulation observed in our present study may have been due to the disruption of ovarian steroidogenesis and/or follicular growth induced by DEHP. This study was done to examine whether female reproductive toxicity of DEHP can be detected by the use of exogeneous GTHs in immature F344 rats. DEHP decreased the number of ovulated ova in the present experimental model. 
